When a fire occurs in a building, there becomes a risk of fire spreading to upper floors through openings such as windows and doors. A fire plume ejected from an opening is an important factor to consider in order to prevent damage from a spreading fire. It is possible that the behavior of the fire plume and/or flame ejected from an opening varies depending on the spatial structure of the building. As the modern spatial structure of a building becomes taller, more overcrowded and more complicated, the dangers associated with a fire become greater. According to the assorted data per building structure with respect to the path of the fire spreading to other rooms, in most fire resistive buildings 40% of the paths involve "spreading through an opening". The "fire spreading path to other rooms" can be identified as the most vulnerable area that causes human injury and property damage.
BACKGROUND AND OBJECTIVE
When a fire occurs in a building, there becomes a risk of fire spreading to upper floors through openings such as windows and doors. A fire plume ejected from an opening is an important factor to consider in order to prevent damage from a spreading fire. It is possible that the behavior of the fire plume and/or flame ejected from an opening varies depending on the spatial structure of the building. As the modern spatial structure of a building becomes taller, more overcrowded and more complicated, the dangers associated with a fire become greater. According to the assorted data per building structure with respect to the path of the fire spreading to other rooms, in most fire resistive buildings 40% of the paths involve "spreading through an opening". The "fire spreading path to other rooms" can be identified as the most vulnerable area that causes human injury and property damage.
In general, the flame behavior can be determined by the shape of the compartment and the openings, and the total heat release rate of the flammable materials in the compartment. It is presumable that the fire plume is ejected from an opening as a result of the reaction of the unconsumed flammable gas inside the compartment with the oxygen outside the compartment. Therefore, in order to understand the behavior of the fire plume ejected from an opening, it is necessary to determine the heat release rate (threshold limit) of the fire source when the flame was ejected. It is very important for fire safety design to determine the ejected threshold conditions of the heat release rate in order to understand the risks of the fire spreading and to minimize damage.
In the past research [1] [2] [3] [4] [5] , the ejected threshold condition of the heat release rate is considered to be dependent on the size of the compartment and/or the opening factor. However, even with Yokoi's experiment [6] conducted in the past, the influence of external factors such as the adjacent wall of the opening (e.g. wing wall and opposed wall) has not been taken into account.
Therefore, from the perspective of fire spreading prevention, by focusing on the wall in the vicinity of the opening, which is a common condition in areas where buildings are overcrowded, an experiment was conducted to determine the ejected threshold condition of the heat release rate when the opposed wall and wing wall were installed in the vicinity of an opening. Additionally, this experiment used a small-sized compartment model to quantitatively understand how the position of the walls and opening factor would affect the ejected threshold condition of the heat release rate. 
EXPERIMENTAL SUMMARY

Experimental equipment
The experimental equipment shown in Figure 1 is comprised of a compartment, opening, floor, wall surrounding the opening, wing wall in the vicinity of the opening end, opposed wall against the opening face, and gas burner. The wall is made of a ceramic board 0.04 m thick, and the joints are finished by heat-resistant adhesive. The fire compartment is a cube whose inside dimension is 0.5 m. The distance between the wing wall and the opening end is S, and the distance between the opposed wall and the opening face is D. The wing wall or opposed wall (width 0.9 m × height 1.8 m) is installed in the vicinity of the compartment according to the experimental condition.
The fuel of the fire source was propane and a gas burner was installed at the center of the compartment. The dimensions of the burner were 0.5 m × 0.1 m; however, the edge was covered depending on the experimental condition (e.g. 0.2 m × 0.1 m). Gas flow rate was controlled by a mass flow controller. 
Figure 1 Experimental equipment and measurement points
b) Compartment temperature
In order to measure the temperature inside the compartment, the K-type thermocouples (φ 0.32 mm) were placed on 2 corners, X (front-right) and Y (back-left), with 6 points each (12 points in total) at 0.16-m intervals in the vertical direction.
Temperature was measured at 2-s intervals for 1 min.
c) Incoming heat flux to the wall above the opening (only condition for Table 2)
The heat flux meters (MEDTHERM, Gardon Gage) were placed at 6 points with 0.2-m intervals in the vertical direction from the bottom end (floor) of the opening and the measuring face was set toward the opposed wall.
d) Incoming heat flux to the opposed wall (only condition for Table 2)
The incoming heat flux to the opposed wall was measured with the heat flux meters placed at 6 points from the floor at 0.2-m intervals in the vertical direction, and the meters were positioned facing the fire. The incoming heat flux to the opposed wall was measured at 2-s intervals for 2 min. 
Experimental procedure and conditions
Dependency of threshold limit of heat release rate on opening factor
After specifying the opening dimension, fire source and wall positions, a fire was ignited by supplying propane gas to the burner. After confirming that the temperature inside the compartment was steady, the heat release rate was gradually increased, and then the heat release rate was recorded when the fire plume was ejected from the opening.
After confirming the fire plume was ejected, the heat release rate was gradually lowered, and then the heat release rate was recorded when the fire plume was no longer ejected from the opening. Their mean values were determined as the threshold limit of heat release rate. As a note, the presence of the fire plume was determined by visual observation.
There Table 1 shows the experimental conditions when the threshold of the ejected fire plume was verified.
Understanding the behavior of the fire plume taking into account the opposed wall
The pyrolysis rate of wood was set to 0. In order to facilitate the comparison of the ejected fire plume behavior, the heat release rate Q bur was kept constant by making the temperature factor AH 1/2 [kg/s] at the opening the same, and the ejected fire plume behavior was assessed by using parameters, which represents the difference of the opposed wall condition from the opening condition.
There are 5 different dimensions of the opening (1 type of square shape, 2 types of rectangular shape/longer horizontally and 2 types of rectangular/longer vertically) as described in Table 2 .
